In agricultural farms and biogas plants, the presence of produced greenhouse gases, vapors, mists that are mixed with air under atmospheric conditions may pose a risk of explosion. These possible mixtures are also defined as an explosive atmosphere. To cause an explosion it is necessary the occurrence of a so called 'trigger', which can be for example: a spark due to production processes, a breakdown of the electrical system, an inconsiderate use of open flames or a hot surface in contact with the explosive atmosphere. In absence of such 'triggers' the explosive atmosphere is no longer a possible risk. As specified in the ATEX (Atmosphère Explosible ) regulation, the presence of 'triggers' is expressed on a probabilistic basis. For this probability evaluation, it is necessary to consider the overall available historical data and perform a statistical survey. The aim of this study was to discuss explosion prevention during biogas production and to determine if inside agricultural biogas plants are present areas in which explosive atmospheres may occur. These risk areas should be classified determining several parameters such as the volume of explosive atmosphere (Vz), the risk distance (dz) and the dispersion time (t). For these evaluation was designed a software named BiogasAgriAtex developed in Microsoft Excel program following the CEI 31-35 2007 regulation (third edition), which applies the CEI EN 60079-10 (CEI 31-30) regulation. The main result of this study is a comprehensible program for agricultural companies that defines and manages critical points within biogas production plants.
Introduction
Important issues, including the decreased availability of fossil resources and continuous climate changes (Čuček et al. 2011 ), drive biogas industry development. In Italy, this industry is growing rapidly due to constant Research & Development support integrated by public incentives. Increasing number of biogas plants use food waste and manure residues as energy source (i.e. fuel) for biogas production. These plants during production processes produce large quantities of combustible-inflammable and toxic gases (i.e. methane) as well as errors in material design or control management, which pose an increased risk for fire or explosion. The risk of explosion is particularly high close to digesters or gasholders and overpressure safety devices are highly necessary. Explosion protection is very important in biogas plants and synthesized gas (syngas) must be prevented from entering working areas. Specific safety measures must be guarantee during construction and activity of these plants. In Europe, explosion Safety measures are specified in the European Directive 1999/92/EC (16/12/1999) (J. Tixier et al 2002) ,. This Directive on the minimum requirements for improving safety and health protection of workers exposed to potential risk of explosive atmospheres has been implemented in Italy with the legislative decree act on June 12, 2003 n.233 defined as Atex. This legislative decree is also reminded within the Law on safety at work (Legislative Decree 81/2008) in which the employer of any company is obligated to assess all possible risks including those from fire and explosion. From the technical point of view, explosions resulting from ignition of mixtures of flammable and combustible substances in form of gases, vapors, mists or dusts with air are not the most frequent cause of accidents at the workplace; however, consequences are often lethal (Fidelibus A et al. 2004 ). Due to this issue, there is an urgent need to implement our knowledge regarding the formation of explosive atmosphere, the reduction of explosions at the workplace and to implement the safety of workers considering both economic and insurance aspects. Furthermore, the data from INERIS ( study related to severe accidents in biogas plants show an increasing trend of these events in Europe as presented on the example of Germany showed in Figure 1 In biogas production plants are present areas with risk of explosion and are graded in functional zones according to the probability of explosive atmosphere occurrence. For safety purposes, all sources of ignition must be prevented as well as the penetration of air into the bioreactor with a small positive over-pressure. A minimum overpressure is fixed to avoid this event. Pressure inside the biogas storage tank is Measured and Transmitted to the control center. The safety devices are intended to prevent an excessive increase in pressure, which could lead to the destruction of gasholder membranes (Pietrangeli 2013) . Current research intends to solve the problems relative to explosion prevention during biogas production. In particular, the major intent is to determine risk areas for explosive atmosphere occurrence and classify these areas with an innovative and easy tool either by farmers or by biogas plant managers.
Software objectives
After the input of data relative to characteristics of analyzed biogas plants, the BiogasAtex application calculates the following parameters:
 the emission rate Qg of the substance at the source of the emission (preparatory objective for the determination of Qamin)  the minimum air flow rate Qamin (preparatory objective for the determination of Vz)  average concentration (%) of substance Xm (preparatory objective for the determination of partial or total risk areas)  definition of partial or total risk areas (preparatory objective for the classification of risk areas)  risk distance dz (principal objective)  risk volume Vz (principal objective)  Permanence/dissipation time t -the time required, after the absence of emissions, to reduce the average concentration of a substance from an initial value X0 to a final value defined as " kdz*LEL " (main objective)  definition of the ventilation rate (preparatory objective for the definition of risk areas)  classification of risk areas (zone 0 , zone 1, zone 2) (main and ultimate goal of BiogasAtex )
Materials and methods
The study and the development of the software was divided into three distinct parts: (i) Software architecture and scenario analysis (ii) Definition of all parameters (iii) Development of the algorithm
Software architecture and scenario analysis
The scenario analysis was based on the reconstruction of the product cycle, dividing it according to activities, processes and relevant structures (Pietrangeli 2013) . It is important to identify all critical processes, which could be risky and increase the possibility of explosive atmosphere occurrence and explosion develop-ment. In our study, possible risk areas were identified based on critical points and defined with the BiogasAgritex tool that conducts an overall assessment and classification of areas.
The program was created in Microsoft Excel using the spreadsheet properties and connecting their operations through programs made in Visual Basic language, which are able to perform more complicated or articulated operations. At the very beginning, the BiogasAgriAtex asks the user for input data relative to the biogas plant such as: specific plant characteristics and the source of emission (SE). It automatically calculates and determines the volume of an explosive atmosphere in the area (Vz), the risk distance (dz), the permanence/dissipation of the explosive atmosphere (t) and the classification of risk areas in the analyzed plant or facility. To achieve these objectives (which are the main objectives of the software), the BiogasAgriAtex performs a series of intermediate calculations.
The most significant results of the preparatory calculations that are necessary to achieve the main software goals are displayed in the single Excel spreadsheet.
The structure of the BiogasAprogram
BiogasAgriAtex consists of seven worksheets:
• Material data: it contains a database of flammable hazardous substances that could be found in the field of agriculture.
• Working area: it contains general data of analyzed agricultural facilities.
• C.I.: a possible connection to commercial calculation software for the elaboration of the fire load • Emis.strut.: it is a spreadsheet for data input relative to the analyzed plant/facility characteristics (i.e. emission sources, emitted substances, ventilation rate, temperature and pressure). It calculates the Qg, dz, Vz, Qamin, Xm values, it defines risk areas (partial and total), the extent of the risk volume and the ventilation rate. Finally, it allows the classification of risk areas (Zone 0, Zone 1, Zone 2) and records all relevant data.
• fatt.endo: this spreadsheet calculates the same parameters listed in the explanation of emis.strut spreadsheet; however, it requires a greater amount of input data. In addition, it allows a diversification of emission sources using appropriate calculations for Qg and dz parameters. In this spreadsheet is also calculated the persistence/dispersion time of the explosive atmosphere and the total time of puddle supply. Finally, it allows the classification of risk areas (Zone 0, Zone 1, Zone 2) and records all relevant data.
• Results: the spreadsheet that represents the • Previous data: the spreadsheet in which a summary of all previous calculations and input data or calculated objectives is presented by pressing the function named record data in the fatt.endo or emis.strut spreadsheet. For example, this spreadsheet memorizes data relative to the type of emission, the emitted substance and the type of area involved inside the plant. 
Parameters definition and set-u of a calculation (numerical) model

Results
The calculation model is based on the acquisition of data relative to several parameters such as ( 
If the calculation result is less than 1 it is however assumed kz = 1, if is greater than is assumed precisely the number obtained from the calculation. 
 Calculation of the actual air flow
Simply copies the values of total ventilation flow and is needed for better programing. In fact, Qa = Q.
 Calculation of risk substance concentration Xm [%](5)
It is calculated using the function for Xr because a structural emission is not considered transient (5)  Evaluate if the environement considered as a risk zone, the risk area consists of a part of the environment (partial risk zone), or if the whole environment is considered as a risk area (total risk zone). (6) For this evaluation, we use the following inequality:
If the inequality is encountered it is present a 'partial risk area' otherwise the whole environment is considered as a 'total risk zone'.
 Risk distance dz: (7)
The distance from the SE in the direction of emission or dispersion of the explosive atmosphere at which the concentration of flammable gases or vapors in the air is lower than the kdz*LEL, calculated b mathematical models. It can be used to identify the order of magnitude of the risk zone and is calculated with the following function:
 Calculation of the risk volume Vz: (8)
Where Vk is the hypothetical volume of potentially explosive atmosphere in the presumption of an instantaneous and homogeneous mixing with the air in the proximity of the SE under ideal conditions of fresh airflow (f=1) based on normative CEI 31-35. The used function i sas follows:
 Calculation of the hypothetical volume of explosive atmosphere Vex: Vex applied for the definition of negligible or non-negligible volumes. Vex = k*Vz  Definition of negligible or non-negligible risk volume Vz:
To quantify the negligibility of the volume we used the following criteria: if the environment is considered to be open or closed, if Vex < 0,001 m 3 the risk volume Vz is considered negligible, otherwise it is not negligible.
 Definition of the ventilation level:
It is not a criterion specified in normatives, but by consulting various reports, it has been assumed: both for open or closed environments, if the volume is negligible and risk zone is partial, the ventilation rate is high. If the volume is not negligible and the risk area is classified as 'total', the ventilation rate is low. In other cases, the ventilation rate is considered as average.
Calculation for the area and of the ventilation rate determination  Type of the environment to be evaluated
This data is critical for subsequent choices. The denomination of the environment (e.g. warehouse, storage area) is placed to the side of this section. The name of the environment is also required because of the data relative to adjacent risk zones; these data are necessary only if the SE is an opening, which connects two adjacent environments.
 Presence and type of emission sources
It is selected the type of emission source. The type of the emission source depends on the origin of emissions according to normative CEI 31-35 classification: -"Gas in single phase. For the calculation of Qg in this case is used the function (3). For the calculation of dz it is used the function (7) or if u0 >= 10m/s it is used the following one:
Liquid that evaporats in the emission (liquefied gas or overheated liquid)"
indicates the emission of a liquid which is present inside a containment system at a temperature above its boiling temperature (overheated ), or the emission of a liquefied compressed gas (e.g. GPL) and the emission of a refrigerated liquid gas (GNL). When all the liquid has evaporated during the emission (as may occur during direct emissions from an orifice or hole), the flow rate Qg can be considered equal to Ql . For the calculation of Qg is used the following function: . See all considerations and descriptions performed for the identical section in the spreadsheet"emiss.strut."  Characteristic data is the denomination of the section in which is possible to enter data on temperature, pressure area of the emission opening, volume to be ventilated, but also data referred to specific cases, such data are highlighted with different colors to make them more easily distinguishable: -tp, te, hm, and the calculation of req are recorded in the case of evaporation from the pool thus they are considered only in the options"elr" ed "evaporation from a air ventilated pool)" Of the sections "presence and type of the emission" -hliq, hf ,f(l), l, Pi are the data needed to calculate the flow rate Qg and Ql in the cases referred to as "liquid that does not evaporate in the emission" and "liquid that evaporates in the emission" (liquefied gas or overheated liquid). In particular, hliq, hf e Pi are necessary for the calculation of the pressure P that is used for calculation of Ql. If Ql is known, it is possible to enter it directly without calculating. The coefficient f(l) is a function of the leakage path length that is measured from inside, where the substance is in the liquid state, to outside, where the substance can be in vapor or gas state. The coefficient is obtained from the diagram in the spreadsheet "substances data)" accessible via the function "grafico (graph)" of the "fatt. endo" spreadsheet. For a correct application of the function is important to carefully define the f(l) as the leakeage path lenght of few cm significantly affect the value of Qt in meters, if f(l) is equal to 0,2. f(l) is necessary for the calculation of Qt . -hd , Da , Db, are used in the calculations of Qg in cases such as"evaporation from the surface of a non-ventilated liquid that is not cooled and is not boiling". Tg, te, "floor type" are used in the calculation of Qg for the case of evaporation from the surface of a refrigerated liquid. -Ql, Qt, Qg can be inserted if known in advance, therefore this parameters do not require the calculation procedure  Calculation of classical data: this section is identical to the one called "calcoli immediate (immediate calculations)" in the spreadsheet "emis.strut." with the only differences for kz which is now present in the section "calcoli per casi particolari (calculations for special cases)" and for the absolute pressure that is calculated according to the type of selected SE. P is always assumed as the pressure inside the containment system at the emission point and is equal to P0 in all cases expect in "liquid that does not evaporate in the emission" and "liquid that evaporates in the emission (liquified gas or overheated liquid) in which the absolute pressure is calculated by the functions:
 Calculation for special cases. In this section are present: -Фs, Фf, Qt are parameters used for calculation of the flow Qg andQl in the cases "liquid that does not evaporate in the emission" and "liquid that evaporates in the emission (liquified gas or overheated liquid)" and are calculated using the following function: 
-Pool area: if the species of the emission source is "evaporation from the surface of a refrigerated liquid" or "evaporation from a ventilated surface of a non-refrigerated or not boiling liquid" it is used to calculate the pool area with the use of the following function :
Where Qvl = Ql / ρliq -For the evaluation of the velocity u0 necessary to distinguish two different cases of "gas in single phase" (with u0 < 10 m/s or with u0 > 10 m/s) the calculations of T0, v0, u0 are required and the following functions are used: 
Below the immediate calculations are present the assumptions or data that can be hypothesized or selected. These data are the actual extent of the risk zone in the direction of emission a, K0 the safety factor applied to the portion a and the area of the pool, which would be easier to measure than to calculate with precision. In addition, it was decided to allow the assumption freedom for the coefficients kdz and kz because their evaluation is not feasible through the application of rigid rules. However, the most common values are those described above and as for Kdz they never exceed the value (1). Finally, it is noted that the function of the program G6 allows you to select whether the temperature of emitted substances is near or far from the boiling point. The temperature of inflammability and the boiling temperature of substances are both indicators of the substance volatility. At the same temperature (e.g. room temperature), the emission rate increases with decreasing temperature of inflammability and/or the boiling temperature. When the temperature of inflammability is higher than the maximum temperature at which the liquid may be present under normal and abnormal functioning, the amount of vapor is too low to give rise to explosive atmospheres. This data entry does not cause a direct consequence in BioGasAtex but allows the user a reflection on the fact if is appropriate or not to proceed with the calculation. In addition are present several other sections: " calculation of efflux flow"; " calculation of minimum air flow"; "calculation of effective air flow"; "concentration of risk substances"; " risk distance"; " risk volume"; "definition of ventilation level)". These sections are similar to those present in the spreadsheet "emis.strut." with small differences. The differences are as follows: the calculation of Qg and dz are performed with functions "calcolo Qg" and "calcolo dz" of the programs built for this purpose ("macro"). The section "Time" is present only in the spreadsheet "fatt.endo." because the structural emissions are constantly present in the working environment. The other emissions instead are only present for a certain period, which has to be calculated. For the calculation of "t", it is applied the following function:
To calculate the total time, in the event that a SE is formed by the evaporation of a pool, the following parameters are summed: te, tn, t where tn is assumed equal to 900 seconds. Also, the section "the concentration of the dangerous substance" presents and additional option. In fact, if the emission is of first or second level, it is necessary to take in the account its transitory nature and do not evaluate the emission as fully operational. In this case is used the following function:
(31)
Definition of negligible or non-negligible risk volume Vz:
A different approach is used in the spreadsheet "emis.strut. ", it concerns the determination of negligible volumes. It is determined by establishing approximately the type of the area, which could be present in the environment according to emission levels. To a continous emission of first level is associated a zone 0, to an emission of first level a zone 1 and to an emission of second level a zone 2. In general, in open environments, the volume Vz can be considered as negligible (VzNE) if the corresponding volume Vex, complies with the folllowing conditions: -for zhe zone 0: Vex < 1 dm3 -for the zone 1: Vex < 10 dm3 -for the zone 2: Vex < (100 * k) dm 3 , furthermore Vz < 100 dm 3 In general, in closed environments, the volume Vz, can be considered as negligible (VzNE) if the corresponding volume Vex meets the following conditions: -for the zone 0: Vex < 1 dm 3 ; -for the zone 1: Vex < 10 dm 3 ; -for the zone 2: Vex < 10 dm 3 . Furthermore, for the zone 0, 1 and 2, the volume Vex < 1/10 000 of the enviroment volume Va.
Determination of the ventilation level. For this assessment is used a different another criterion reported also in the CEI 31-35 normative. a) Open environments -The ventilation level is HIGH (VH) when is negligible (VzNE).
-The ventilation level is MEDIUM (VM) when Vz is not negligible and the persistence time to terminate the emission t is compatible with the definition of the type of area in Table 2 -The ventilation level is LOW (VL) when the average concentration Xm % does not meet the condition 3-6 and/or the persistence time t to terminate the emission is not compatible with the definition of the type of area in tab.2-1. For example, in the pits in the presence of heavy gas and in attics in the presence of light gases or similar substances.
-The ventilation level is MEDIUM (VM) when it is neither HIGH (VH) nor LOW (VL) and the condition 3-6 is respected and the persistence time t to terminate the emission is compatible with the type of the area.
Conclusions
The choice to follow the rules CEI 31-35 normative gives the validity of the performed work. However, we have to remind that this normative is a general one and it is not specified for the agricultural sector. Nevertheless, BioGasAtex proved to be a reliable tool in the calculations and the results were constantly coincideing with those of technical reports with which all data were compared. In general, we have reffered to zootechnical farms with installed biogas plants and we have analyzed the problematics relative to explosions, determined the critical operations during the biogas production and management establishing all possible risk scenarios and possible safety/prevention measures. We have developed an operative software for the classification of possible risk areas within different environments, not only farms, this gives the advantage of flexibility, but it penalizes the program specificity. Through the implementation of the algorithms, this study has shown that the risk assessment explosion can be achieved with relatively simple tools available to everyone. In fact, for the validation of the instrument, several testings were performed directly by farmers or biogas plant managers. Although, this study has demonstrated the development of this software and its ability in the self-evaluation of explosions risk in biogas plants, there are still some critical points, related not to the risk assessment itself but to the management of the plant. Based on the international database the majority of lethal accidents occurs due to underestimation of risks and absence of proper working procedures. In addition, there are no specific trainings/educations for employees working within the system of biogas plants. After the usage of the software inside biogas production facilities on structural elements we noted also different plant deficiencies in the following phases of work: -Transfer of the slurry -Ordinary maintenance -Extraordinary maintenance of facilities. Based on the previous considerations, the BioGasAtex program will be implemented with managment support, which will allow the user additional activities, such as: -measure of the prevention and protection for each area -use of specific procedures -integration with education and training plans In conclusion, although aspects of the risk assessment atex can be solved with the use of this software, it remains still as a critical point the risk management, which could be a limiting factor and a constrain for the overall develompment of the biogas sector.
